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(54) Micromirror optical switch 

(57) An optical switch using an array of mirrors (608) 
to selectively reflect light from an input fiber (610) to ei- 
ther of a first output fiber (612) or a second output fiber 
(614). Each fiber is held in a fen-ule (61 6) that aligns the 
fiber with a focusing device (618). The focusing device 
associated with the input fiber causes the beam of light 
to either coHimate, diverge, or converge. The focusing 
device associated with each output fiber collects the 


beam of light for input into the output fibers. Light from 
the input fiber (61 0) stnkes a first mirror, or group of mir- 
rors, in the an-ay (608) and is selectively deflected to a 
second mirror, or group of mirrors, associated with an 
output fiber (612, 614). by reflecting the beam of light 
from a retro-reflector (602) between the fibers. The sec- 
ond mirror receives the beam from the retro- reflector 
(602) and reflects it to the output fiber associated with 
the second mirror. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention., relates rto the field of optic.aJ. 
communications, more particularly to switches used in 
fiberoptic networks. ■ . ; • .: . 

BACKGROUND OF THE INVENTION 

[0002] Optical networks use modulated light to enable 
clear, rapid communication between two points. The 
bandwidth and efficiency provided by optical communi- 
cation systems is well known. A single fiber is able to 
carry a great deal of information over a tremendous dis- 
tance. Practical communication systems utilize large 
numbers of fibers networked together to form a commu- 
nication web that provides at least one path between 
any two points on the network. Configuring the network 
to. connect any two points requires a large number of 
switches. 

[0003] One method of coupling optical fibers converts 
the optical signal candied by the input fiber to electrical 
signals and uses the electrical signal to modulate an- 
other light beam that is transmitted along the second fib- 
er. This method is much slower than simply switching 
the optical beam and may introduce noise into the trans- 
mitted optical signal. Purely optical switching, in which 
the optical beam from a first fiber is coupled directly to 
a second fiber without significant loss, is much faster 
and more efficient and is therefore desired. 
[0004] . Several types of optical switches have been 
developed. Some use mechanical means to physically 
align the input and output fibers. These mechanical 
switches typically are. slow, large, and very expensive. 
, What is needed is an improved optical switch that is very 
quick to configure and does not require the light beam 
to be converted to electricity. 

SUMMARY OF THE INVENTION - 

[0005] Objects and advantages will be obvious, and 
will in part appear hereinafter and will be accomplished 
by the present invention that provides a method and sys- 
tem for switchably coupling optical fiber communica- 
tions using a micromirror device. One embodiment of 
the claimed invention provides an optical switch. The 
optical switch comprises at least one input fiber, at least 
one output fiber, a retro-reflective surface, and a min-or 
array. Each input fiber defining an input optical axis and 
having an exit end. Each output fiber defining an output 
optical axis and having an entrance end. The retro-re- 
flective surface interleaved between the exit and en- 
trance ends of the input and output fibers. The mirror 
array comprised of at least one mirror on each input and 
output optical axis. The min-ors on the input optical axes 
operable to deflect light from each input fiber to an in- 
termediate spot on the retro-reflector The mirrors on the 


output optical axes operable to reflect light from the in- 
termediate spot of the retro-reflector to an associated 
output fiber sharing the output axis. 

,r [0006] According to a second embodiment of the 
, 5 present invention, a method of forming an optical switch 
is provided. The method comprises: capturing an end of 
at least one. input fiber in a ferrule; capturing an end of 
at least one output fiber in a ferrule; capturing the fer- 
mlesjn a holding block; providing a retro-reflective sur- 

10 face between at least one of the input fibers and at least 
one of the output fibers; providing an an*ay of mirrors. 
At least one min-or in the array of mirrors operable to 
direct light from the input fiber to at least one other mirror 
associated with an output fiber via the retro-reflecting 

15 surface. At least one other mirror associated with the 
output fiber operable to direct light from the retro-reflect- 
ing surface to the associated output fiber 
[0007] Yet another embodiment of the present inven- 
tion provides a 2x2 unblocked optical switch using only 

20 single axis rotatable mirrors. The optical switch compris- 
ing: a first input fiber; a second input fiber; a first output 
fiber; a second output fiber; a jumper fiber; and a mirror 

' t array. The mirror array is aligned with the input and out- 
put fibers to enable the mirror an'ay to selectively deflect 

25 light from the first input fiber to either of the first and sec- 
ond output fibers, and from the second input fiber to the 
first output fiber and the jumper fiber. The jumper fiber 
positioned to transmit light from a first portion of the mir- 
.ror array to a second portion of the mirror array. The sec- 

30 pnd portion of said min'or an-ay operable to deflect light 
from the jumper fiber to said second output fiber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 [0008] For a more complete understanding of the 
present invention, and the advantages thereof, refer- 
ence is now made to the following description of exem- 
plary embodiments thereof taken in conjunction with the 
accompanying drawings, in which: 

40 

FIGURE 1 is a perspective view of a small portion 
of a micromirror array of the prior art. 
FIGURE 2 is an exploded perspective view of a sin- 
gle micromirror element from the micromirror array 
45 of Figure 1. 

FIGURE 3 is a partial cross-section side view of a 
. sheathed optical fiber held in a ferrule with a colli- 
mating lens attached. 

FIGURE 4 is a cross-section side view of a holder 
50 block designed to hold a number of the ferrules and 
optical fibers of Figure 3. 

FIGURE 5 is a side view of a 1x2 optical switch 
formed using the holder block of Figure 4 and a mir- 
ror array. 

55 FIGURE 6 is a side view of a 1 x2 optical switch sim- 
ilar to the switch of Figure 5, but using separate ret- 
ro- reflectors instead of the reflective bottom surface 
of the holder block. 
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FIGU RE 7 is a side view of a single optical fiber held 
in a holder block showing the diffraction eff cts that 
occur when using an array of snnall min^ors to switch 
the optical signal fronn the fiber. 
FIGURE 8 is a schennatic view of a 2x2 array com- 
prised of two 1 x2 switches and two optical couplers. 
FIGURE 9 is a plan view of a holder block showing • 
the arrangement of twelve 1 x2 switches on a single 
mirror array. 

FIGURE 10 is a side view of a 2x2 optical switch 
using a jumper fiber and not requiring the use of op- 
tical couplers. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0009] A new optical switch has been developed that 
uses a readily available micromirror device to optically 
couple two or more optical fibers. The new switch has 
a fast switching time and provides an efficient and cost- 
effective way to couple two or more optical fibers. 
[0010] A typical hidden-hinge DMD 100 is an orthog- 
onal an-ay of DMD cells, or elements. This array often 
includes more than a thousand DMD rows and columns 
of DMDs. Figure 1 shows a small portion of a array of 
the prior art with several mirrors 102 removed to show 
the underlying mechanical structure of the DMD array. 
Figure 2 is an exploded view of a single DMD element 
of the prior artfurtherdetailing the relationships between 
the DMD stnjctures. Such DMD structures may be found 
on reference to US Patent No.5,061 ,049, dated 13 Sep- 
tember 1 991 and entitled " Spatial Light Modulator and 
Method" and US Patent No.5,583,688 dated 21®^ De- 
cember 1993 and entitled "Multi-level Digital Micromir- 
ror Device". 

[0011] A DMD is fabricated on a silicon semiconduc- 
tor substrate 104. Electrical control circuitry typically is 
fabricated in or on the surface of the semiconductor sub- 
strate 104 using standard integrated circuit process 
flows. This circuitry typically includes, but is not limited 
to. a memory cell associated with, and typically under- 
lying, each mirror 1 02 and digital logic circuits to control 
the transfer of the digital image data to the underlying 
memory cells. Voltage driver circuits to drive bias and 
reset signals to the min-or superstructure may also be 
fabricated on the DMD substrate, or may be external to 
the DMD. Image processing and fomnalting logic is also 
fomned in the substrate 104 of some designs. For the 
purposes of this disclosure, addressing circuitry is con- 
sidered to include any circuitry, including direct voltage 
connections and shared memory cells, used to control 
the direction of rotation of a DMD mirror. 
[0012] Some DMD configurations use a split reset 
configuration which allows several DMD elements to 
share one memory cell-thus reducing the number of 
memory cells necessary to operate a very large array, 
and making more room available for voltage driver and 
image processing circuitry on the DMD integrated cir- 


cuit. Split reset is enabled by the bistable operation of a 
DMD. which allows the contents of the underiying mem- 
ory to change without affecting the position of the mirror 
102 when the mirror has a bias voltage applied. 
5 [0013] The silicon substrate 104 and any necessary 
• metal interconnection layers are isolated from the DMD 
■ superstructure by*an insulating layer 406 which is typi- 
cally a deposited silicon dioxide layer on which the DMD 
superstructure is fonmed. Holes, or vias, are opened in 
10 the oxide layer to allow electrical connection of the DMD 
superstructure with the electronic circuitry fonmed in the 
substrate 104. 

[0014] The first layer of the superstructure is a metal- 
ization layer, typically the third metalization layer and 

15 therefore often called M3. The first two metalization lay- 
ers are typically required to interconnect the circuitry 
fabricated on the substrate. The third metalization layer 
is deposited on the insulating layer and patterned to 
form address electrodes 1 1 0 and a mirror bias connec- 

20 tion 112. Some micromirror designs have landing elec- 
trodes that are separate and distinct structures but are 
electrically connected to the mirror bias connection 112. 
Landing electrodes limit the rotation of the mirror 102 
and prevent the rotated mirror 102 or hinge yoke 114 

25 from touching the address electrodes 110, which have 
a voltage potential relative to the mirror 1 02. If the mirror 
102 contacts the address electrodes 110. the resulting 
short circuit could fuse the torsion hinges 116 or weld 
the min-or 102 to the address electrodes 110, in either 

30 case ruining the DMD. 

[0015] Since the same voltage is always applied both 
to the landing electrodes and the mirrors 1 02, the mirror 
bias connection and the landing electrodes are prefer- 
ably combined in a single structure when possible. The 

35 landing electrodes are combined with the min-or bias 
connection 112 by including regions on the mirror bias/ 
reset connection 112, called landing sites, which me- 
chanically limit the rotation of the mirror 1 02 by contact- 
ing either the mirror 102 or the torsion hinge yoke 114. 

40 These landing sites are often coated with a material cho- 
sen to reduce the tendency of the mirror 1 02 and torsion 
hinge yoke 114 to stick to the landing site. 
[0016] Min-or bias and reset voltages travel to each 
mirror 102 through a combination of paths using both 

45 the mirror bias/reset metalization 112 and the mirrors 
and torsion beams of adjacent min-or elements. Split re- 
set designs require the array of mirrors to be subdivided 
into multiple subarrays each having an independent mir- 
ror bias connection. The landing electrode/mi nror bias 

50 112 configuration shown in Figure -1 is ideally suited to 
split reset applications since the DMD elements are eas- 
' ily segregated into electrically isolated rows or columns 
simply by isolating the mirror bias/reset layer between 
the subarrays. The mirror bias/reset layer of Figure 1 is 
55 shown divided into rows of isolated elements. 

■ [0017] A first layer of supports, typically called spac- 
ervias; is fabricated on the metal layer forming the ad- 
dress electrodes 110 and mirror bias connections 112. 
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These spacervias, which include both hinge support 
spacervias 1 1 6 and upper address electrode spacervias . 
11 8, are typically fomned by spinning a thin spacer layer 
over the address electrodes 110 and min-or bias con- 
nections 112: This thin.spacerjayer is typically a 1 jim 
thick. layer of positive photoresist. After the photoresist 
layer- is deposited, it is exposed, patterned, and deep 
UV hardened to fomi holes in which the spacervias will 
be fomned. This spacer layer and a thicker spacer layer 
used later in the fabrication process are often called sac- 
rificial layers since they are used only as fonns during 
the fabrication process and are rennoved f ronn the device 
prior to device operation. - 

[001 8] A thin layer of nnetal is sputtered onto the spac- 
er layer and into the holes. An oxide is then deposited 
over the thin metal layer and panerned to fomn an etch 
mask over the regions that later will fomn hinges 120., A 
thicker layer of metal, typically an aluminum alloy, is 
sputtered over the thin layer and oxide etch masks. An- 
other layer of oxide is deposited and patterned to define 
the hinge yoke 114, hinge cap 122, and the upper ad- 
dress electrodes 124. After this second oxide layer is 
patterned, the two metals layers are etched simultane- 
ously and the oxide etch stops removed to leave thjclc 
rigid hinge yokes 114, hinge caps 122, and upper ad- 
dress electrodes 1 24, and thin flexible torsion beams 
120. 

[0019] A thick spacer layer is then deposited over the 
thick metal layer and patterned to define holes in which 
mirror support spacervias 1 26 will be fomned. The thick 
spacer layer is typically a 2 iim thick layer of positive 
photoresist. A layer of mirror metal, typically an alumi-.- 
num alloy, is sputtered on the surface of the thick spacer 
layer and into the holes in the thick spacer layer. This 
metal layer is then patterned to fomn the mirrors 1 02 and 
both spacer layers are removed using a plasma etch. 
[0020] Once the two spacer layers have been re- 
moved, the mirror is free to rotate about the axis fomned 
by the torsion hinge. Electrostatic attraction between an 
address electrode 110 and a deflectable rigid member, 
which in effect form the two plates of an air gap capac- 
itor, is used to rotate the mirror structure. Depending on 
the design of the micromirror device, the. deflectable rig- 
id member is the torsion beam yoke 114, the beam or 
mirror 1 02, a beam attached directly to the torsion hing- 
es, or a combination thereof. The upper address elec- 
trodes 124 also electrostatically attract the deflectable 
rigid member. 

[0021] The force created by the voltage potential is a 
function of the reciprocal of the distance .between the 
two plates. As the rigid member rotates due to the elec- 
trostatic torque, the torsion beam hinges resist def omna- 
tion with a restoring torque that is an approximately lin- 
ear function of the angular deflection of the torsion 
beams. The structure rotates until the restoring torsion 
beam torque equals the electrostatic torque or until the 
rotation is mechanically blocked by contact between the 
rotating structure and a fixed component. As discussed 


below, most micromin-or devices are operated in a digital 
. mode wherein sufficiently large bias voltages are used 
to ensure full deflection of the micromirror superstruc- 
ture. 

5 [0022] Micromirror devices are generally operated in 
one of two modes of operation. The first mode of oper- 
ation is an analog mode, sometimes called beam steer- 
ing, wherein the.address electrode is charged to a volt- 
age corresponding to the desired deflection of the mir- 

10 ror. Light striking the micromirror device is reflected by 
the mirror at an angle determined by the deflection of 
the mirror. 

[0023] The second mode of operation is a digital 
mode. When, operated digitally, each micromirror is fully 

15 deflected in either of the two directions about the torsion 
beam axis. Digital operation uses a relatively large volt- 
age to ensure the mirror is fully deflected. Since it Is ad- 
vantageous to drive the address electrode using stand- 
ard logic voltage levels, a bias voltage, typically a neg- 

20 ative voltage, is applied to the mirror metal layer to in- 
crease the voltage difference between the address elec- 
. trodes and the mirrors. Use of a sufficiently large mirror 
bias voltage-a voltage above what is temned the col- 
lapse voltage of the device-ensures the mirror will de- 

25 fleet to the closest landing electrodes even in the ab- 
sence of an address voltage. Therefore, by using a large 
mirror bias voltage, the address voltages need only be 
large enough to deflect the mirror slightly 
[0024] Figure 3 is a partial cross-sectional side view 

30 of one end of an optical fiber 302 held in a ferrule 304. 
The ferrule 304 holds a length of the fiber 302 in align- 
ment with a self focusing gradient index (GRIN) lens 
306, and simplifies handling of the optical fibers. The 
GRIN lens collimates the light from the fiber. Collimated 

35 light is desired due to the typically small mirror tilt angle 
provided by common micromirror devices. Depending 
on the various optical components used to fabricate the 
switch, converging (focused) or diverging beams are ac- 
ceptable. 

40 [0025] Figure 4 is a cross-sectional side view of a 
holder block 402 designed to align a number of the op- 
tical fibers and ferrules of Figure 3. The ferrules are pref- 
erably cemented into the holder block, but may be held 
in the holder block by any of a number of retention mech- 

45 anisms including clips and molded-in finger that allow 
Insertion of the ferrule Into the holder block but prevent 
removal of the ferrule from the block. A novel feature of 
the holder block 402 of Figure 4 is the reflective bottom 
surface 404. The bottom surface functions as a retro- 

50 reflector when the optical switch is assembled. 

[0026] Figure 5 is a side, view of a simple one pole, 
two, throw (1x2) optical switch 500. While the switch is 
be described in temns of a single input switch having two 
outputs, it is understood that the switch, like any other 

55 switch described herein, can also be used backwards 
to fomn a 2x1 switch. In Figure 5, light from an input fiber 
502 passes through the GRIN lens and strikes a micro- 
mirror array 504. The micro min-or array 504 in Figure 5 
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is comprised of a minimum of three mirrors. The axis of 
rotation for each of the mirrors in the array 504 is as- 
sumed to be perpendicular to the plane of the drawing. 
Light exiting the input fiber 502 strikes the center of the 
three mirrors and is either reflected up and to the left^ - 5 
along path 506, or up and to the right along path 508, - 
depending on the position of the center mirror. Assurh- * 
ing the center mirror is rotated counterclockwise, the re- 
flected light travels along path 506 and is reflected by - * 
the reflective surface 518 of the holder block back to- io 
ward the mirror array 504 along path 510. When the re- ■ 
fleeted tight reaches the mirror array 504 a second time, 
the light is reflected along path 512 by a second of the 
three micromin-ors which has been rotated clockwise to- 
ward the incoming light beam. After being reflected ?5 
three times, the light is received by a GRIN lens and 
enters a first output fiber 514. 

[0027]' Aliemativety, light is switched from the input 
fiber to a second output fiber 51 6. To switch the light to 
the second output fiber 516, the first mirror is rotated 20 
clockwise to deflect the input light along path 508. In a 
manner similar to the first switch position, the light 
traveling along path 508 is reflected by the reflective bot- 
tom surface of the holder block 518 to a third mirror in 
the array. The third minror is rotated counterclockwise to 25 
direct the light toward the GRIN lens. 
[0028] Although described as an array of three mir- 
rors, the mirror array 504 of Figure 5 is preferably an 
array of a very large number of small mirrors. For exam- 
ple, a typical mirror array 504 is an 848x600 array of 20 
individually controllable mirrors. Each min-or is a square 
1 6 p.m on each side and spaced 1 iim from the surround- 
ing mirrors. Each min*or in the array rotates in either di- 
rection about an axis parallel to the plane of the array. 
The axis runs diagonally from one corner to the opposite 35 
corner of each mirror. As described in U.S. Patent Ap- 
plication 60/223,366 entitled Two Dimensional Blazed 
IVIEMS Grating, the diffractive effects cause by the mir- 
ror array must be taken into account when selecting a 
rotation or deflection angle. Proper selection of the de- ^0 
flection angle ensures the array operates in an efficient 
blazed condition. For mirrors on 1 7 pm centers, as de- 
scribed above, ideal deflection angles are 9.6** and 
13.8^ 

[0029] Because each of the mirrors is so small, the ^5 
collimated beam of light from each of the input fibers, 
which is typically 0.80 to 1 .2 mm in diameter, falls upon 
a number of the mirrors. This feature simplifies the align- 
ment between the ferrule holder block 518 and the mir- 
ror array 504. Rather than having to align each fiber pre- 50 
cisely with a sirSgle mirror, the block 51 8 can be aligned 
with the entire anray of mirrors 504 and the testing proc- 
ess used to detemnine the relationship between the mir- 
rors and the fibers. - 

[0030] Many device characterization sequences are 55 
possible. For example, the mirrors on array 504 initially 
may all be rotated in a clockwise direction and an input 
signal provided to input fiber 502. Mirrors in the area 
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associated with output fiber 516 are then rotated coun- 
terclockwise, individually or in small groups, while mon- 
itoring the output of fiber 51 6. Wh n one of the mirrors 
directly beneath the GRIN tens associated with fiber 51 6 
is rotated, the output signal on fiber 516 will increase. 
The mirrors^associated with output fiber 51 6 are deter- 
mined either by maximizing the signal on fiber 51 6 or by 
picking a point of diminishing returns-where the gain in 
• signal is outweighed by the gain in cross-talk between 
fibers. A similar process is then used to determine which 
■ mirrors are associated with the center fiber 502. If any 
min-ors are between the regions associated with a fiber 
they are turned to minimize the interference cross-talk 
between the fibers. 

[0031 ] Figure 6 shows a side view of an alternate em- 
bodiment of the optical switch of Figure 5. In Figure 6, 
separate retro-reflectors 602 are used to reflect the light 
instead of the mirrored bottom surface of the holder 
block 51 8. Retro-reflectors 602 simplify the design of the 
holder block 604, but complicate the assembly and 
alignment process. The retro-reflector alternatively is 
one piece, with holes removed for the light to and from 
each fiber to pass through. To increase the separation 
between optical switches and to reduce the effect of 
stray light, some retro-reflectors 606 are designed not 
to reflect light. The same concept of anti- reflective re- 
gions is also applied to the one piece retro-reflector and 
the bottom min-ored surface of the holding block. 
[0032] tn addition to aligning each fiber with one or 
more mirrors in the min-or array, the optical switch must 
also be aligned to enable the light from a first mirror or 
group of min-ors to bounce off of the retro- reflector and 
reach the second mirror or group of mirrors. The height 
of the retro- reflectors, or holding block if a mirrored ret- 
ro-reflecting holding block is used, is adjusted to maxi- 
mize the amount of light following the desired path. If 
the retro-reflector surface is too close to the minror array, 
the light reflected by the retro-reflector surface will not 
reach the next group of mirrors and the two groups of 
min-ors will not be efficiently coupled. Likewise, if the ret- 
ro-reflector surface is too far from the mirror array the 
reflected light will overshoot the desired group of mir- 
rors. 

[0033] Although not shown . alternate embodiments of 
the disclosed optical switch are designed to require ad- 
ditional reflections before reaching the targeted group 
of mirrors. For example, if the distance between the in- 
put and output fibers is large, or if the minror tilt angle is 
very low, an additional reflection from the retro-reflector 
and min-or array is required to displace the beam of light 
to the output fiber Because each reflection increases 
the diffraction and loss, however, the number of reflec- 
tions is typically held to a minimum.- 
[0034] The optical switch of Figures 5 and 6 enables 
the use of a digital micromirror-that is, a micromirror that 
has two stable operating states. In the case of Figures 
5 and 6, each mirror is assumed to rotate fully in either 
the clockwise or counterclockwise direction. The posi- 
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tions in which the mirror is stable are determined by the 
physical features of the mirror including the size and 
shape of the mirror and the height of the mirror above 
the substrate. Compared, to analog mirror control 
schemes, digital operation provides the advantage of re- 
ducing the susceptibility of the mirror array to drift over 
time and temperature. Nevertheless, analog min'ors, or 
analog mirror arrays, alternatively are used to fonn the 
optical switch. 

[0035] If an array of mirrors is used to deflect each 
beam, as opposed to a single min-or, the diffraction of 
the beam by the array of min'ors affects the operation of 
the switch. The diffraction effect is controlled by the fea- 
ture size of the array-that is, but the size of the miirors 
and the pitch between the mirrors. Figure 7 illustrates 
the effects of diffraction on the optical switch of Figures 
5 and 6. In Figure 7, a light beam exiting fiber 702 
through a collimating lens 704 strikes the mirror array 
706 and is diffracted. The light diffracted by the array 
will reinforce itself as it reflects back to the holder block 
708, fomiing a series of points of light at locations rep- 
resenting the diffraction orders 710, 712. Likewise, the 
returning light will cancel itself out between these dif- 
fraction orders resulting in dark regions between the or- 
ders. 

[0036] These diffraction orders represent the loca- 
tions at which the light efficiently can be directed by the 
mirror array. The pitch between the orders is a function 
of the wavelength of the light and the pitch of the min-or 
anray as well as the height of the holder block or image 
plane above the mirror array. Selecting the tilt angle of 
the mirror allows the mirror an'ay to become a blazed 
grating for a given wavelength, maximizing the coupling 
of the input light into a given diffraction order. Therefore, 
the pitch of the array and the tilt angle of the minrors 
should be selected to create a blazed diffraction grating 
for the wavelength of light being switched. Additionally, 
the f-number of the collecting lens for the two output fib- 
ers is selected to allow capture of as much energy from 
the input beam as practical. Depending on the distances 
involved, the collecting lens may capture multiple dif- 
fraction orders, allowing the diffraction concerns de- 
scribed above to be ignored. 

[0037] In addition to the 1 x2 switch described above, 
several other switch configurations are possible using 
the 1x2 switch as a fundamental building block. Figure 
8 is a schematic drawing of a simple 2x2 switch using 
the structure and methods of the above 1x2 switch. In 
Figure 8, two 1x2 switches are controlled in concert to 
form a 2T2P switch 802. When the switch is in the po^ 
sition shown by the arrow, any signal on input A is 
passed to the bottom output, while signals on the B input 
are passed to the top output. In the other position A is 
passed to the top output and B is passed to the bottom 
output. Couplers 804 combine the four outputs from the 
two individual switches to produce two outputs from the 
switch. 

[0038] The 2x2 switch shown in Figure 8 is symmetric- 


10 

that is, the signal path through any combination on in- 
puts and outputs is the same. This feature results in the 
same insertion loss for all signals passing through the 
switch regardless of the position of the switch. 
[0039] Additional 1 x2 switches can be added to create 
larger unblocked crossbar switches. For example, atyp- 
ical micromin-or device having an an-ay of 848 columns 
and 600 rows can be used to fonn twelve of the 1x2 
switches. Figure 9 shows one arrangement of the fer- 
rules in a holding block 902 over a mirror array to obtain 
the twelve 1x2 switches. In Figure 9, the round circles 
904 indicate holes for the ferrules and the ovals 906 in- 
dicate the grouping of the fibers to achieve the 1x2 
switches. 

[0040] Two of these twelve switches are combined to 
make a 2x2 switch. Three of the 2x2 switches form a 
3x3 switch. Six of the 2x2 switches fonm a 4x4 switch. 
Larger numbers of array or 1x2 switches are needed to 
form larger crossbar switches. Customized ferrules, fo- 
cusing means, and holder blocks enable larger switch- 
es, such as an unblocked 8x8 switch, to be fomned from 
a single array. 

[0041] There are many other grouping of fibers and 
mirrors that create additional switches. Figure 1 0 shows 
one arrangement of six mirrors, or groups of mirrors, to 
obtain an unblocked 2x2 switch 1 002. The switch of Fig- 
ure 10 does not require the use of optical couplers. In 
Figure 10, light from Input A is deflected by the mirror 
array 1004 either left to output A, or right to output B. 
Light from input B is deflected right to output A, or left 
to a jumper connection. In Figure 10, an additional fiber 
is connected between a ferrule 1008 on the left end of 
the holder block 1 01 0 to a ferrule 1 01 2 on the right end 
of the holder block. This additional fiber fomns a jumper 
connection between the left and rights ends of the array, 
providing a path for light from input B to reach output B. 
[0042] Thus, although there has been disclosed to 
this point a particular exemplary embodiment for a mi- 
cromirror optical switch and method therefore, it is not 
intended that such specific references be considered as 
limitations upon the scope of this invention. Further- 
more, having described the invention in connection with 
certain specific exemplary embodiments thereof, it is to 
be understood that further modifications may now sug- 
gest themselves to those skilled in the art. 
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50 1. An Optical switch comprising: 

at least one input fiber defining an input optical 
axis and having an exit end; 
at least one output fiber defining an output op- 
55 tical axis and having an entrance end; 

a retro-reflective surface disposed between 

said exit and entrance ends; and 

a mirror array comprised of at least one mirror 
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on each said input optical axis and said output 
optical axis, the or each mirror on said input op- 
-tical axes operable to deflect light from each in- 
put fiber to an intermediate spot on said retro- 
reflector, the or each mirror on said output op- 
tical axes operable to reflect light from said in-' 
termediate spot of said retro- reflector to an as- 
sociated output fiber sharing said output axis.' 

2. An optical switch comprising: 

a first input fiber; 
a second input fiber; 
a first output fiber;' 
a second output fiber; 
a jumper fiber; and 

a mirror array, said min'or array aligned with 
said first and second input and output fibers to 
enable said mirror array to selectively deflect 
light from said first input fiber to either of said 
first and second output fibers, and from said 
second input fiber to said first output fiber and 
said jumper fiber, said jumper fiber positioned 
to transmit light from a first portion of said mirror 
array to a second portion of said mirror array, 
said second portion of said mirror array opera- 
ble to deflect light from said jumper fiber to said 
second output fiber. 

3. The optical switch of Claim 1 or 2, further compris- 
ing a holding block for holding said input fiber. 

4. The optical switch of any preceding claim, further 
comprising a holding block for holding said output 
fiber. 

5. The optical switch of any preceding claim, said out- 
put fiber comprising two output fibers. 

6. The optical switch of any preceding claim, said mir- 
ror array comprised of an array of mirrors, each of 
said at least one mirror comprising a group of mir- 
rors operating in concert to direct said light from said 
input fibers to said output fibers. 

7. The optical switch of any preceding claim, said ret- 
ro-reflective surface comprised of the bottom sur- 
face of said holding block. 

8. The optical switch of any preceding claim, further 
comprising a focusing element disposed between 
said input fiber and said mirror array. 

9. The optical switch of Claim 8, said focusing element 
further comprising a collimating lens. 

10. The optical switch of Claim 8, said focusing element 
further comprising a converging lens. 
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1 1 . The optical switch of Claim 8, said focusing element 
further comprising a diverging lens. 

1 2. The optical switch of Claim 8. said focusing element 
further comprising a diffractive focusing means. 

1 3. The optical switch of Claim 8, said focusing element 
' further comprising a refractive focusing means. 

1 4. The optical switch of Claim 8 , said focusing element 
further comprising a gradient index self focusing 
lens. 
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fig: 2 
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